A feeding trial using 12 Holstein bull calves (21±3 d) was conducted to investigate the effect of different processed maize grain and full fat soyabean included in the starter diets on their rumen fermentation and development. Three treatment starter diets contained different processed maize grain and soyabean: steam-fl aked maize and soyabean (SFMS), extruded maize and soyabean (EMS), and ground maize and raw soyabean (GMS). During 10-week trial, total rumen VFA concentration tended to be infl uenced by different processing methods at wk 6 and 9 (P<0.10). The molar proportion of butyrate for calves receiving SFMS starter diets was higher than that of EMS and GMS starter diets (P<0.05) at wk 5 and 11. Rumen papillae development characteristics expressed by papilla length, papilla width and rumen wall thickness were remarkably different among treatment starter diets (P<0.05).
INTRODUCTION
Volatile fatty acids (VFA), primarily butyrate, are necessary to initiate the stomach modifi cations that change the calf from essentially a monogastric animal to a ruminating animal (Tamate et al., 1962) . Previous studies indicated that grain processing level infl uenced rumen VFA production, rumen pH, and papillae development; however, the results were not always identical (Murphy et al., 1994; . Most maize processing studies have been conducted utilizing mature ruminants, and extrapolation of these results to immature ruminants may be limited due to known differences in digestion kinetics, microbial populations, and rumen capacity . Fewer data were available concerning the processing of grains and protein ingredients infl uencing development of ruminal function in calves. Therefore, this study was conducted to determine the effect of different processed maize grain and soyabean on rumen development of Holstein calves.
MATERIAL AND METHODS
Twelve Holstein bull calves (21±3 d) were assigned randomly to one of three groups and fed with fresh milk and calf starter pellets (pellet diameter = 0.7 cm), which were commercially formulated and contained steam-fl aked maize and full fat soyabean (SFMS), extruded maize and full fat soyabean (EMS), or roughly ground maize and full fat soyabean (GMS) ( Table 1) . Ruminal fl uid samples (100 ml) were collected before morning feeding via a stomach tube at 4, 5, 6, 7, 9, 11 and 13 weeks of age. Ruminal pH was determined immediately using a pH-meter and ruminal VFA was analysed (Ervin et al., 1961) . Calves were euthanized at 13 wk of age. Rumen tissue samples were collected from fi ve sampling points in the rumen, including part A, left B (LB), left C (LC), left D (LD) and left E (LE), and analysed papillae length (PL), papillae width (PW), and rumen wall thickness (RWT) according to . The epidermis of papillae in part A of the rumen was morphometricly measured using the scanning electron microscopy (McGavin and Morrill, 1976) . Data were analysed as a completely randomized design and two-way analysis of variance was conducted using the GLM procedure of SAS (1999). Table 2 showed the results of rumen fermentation characteristics of three treatments. Rumen pH varied from 6.36 to 7.53 and was not affected by the treatment diet (P>0.21) but by age (P<0.001). Rumen pH values increased with calf age and were signifi cantly higher at wk 11 and 13 than those at wk 5, 6 and 7 (P<0.05), respectively. Total rumen VFA concentrations were unaffected by treatment starter diets (P>0.05), but affected by the age of calves in this study (P<0.001). However, total rumen VFA of calves receiving GMS starter tended to be higher than EMS and SFMS (P=0.089) diets at wk 6, and higher for SFMS diets than EMS and GMS (P=0.051) at wk 9. The molar proportions of acetate and propionate were not affected by dietary treatments (P>0.05). However, the molar proportion of acetate was signifi cantly lower at wk 4 than at wk 11 and 13 (P<0.05), whereas propionate was higher at wk 5 than at wk 13 (P<0.05). Finally, the molar proportion of butyrate was not affected by the treatment diets except wk 5 and wk 11, but signifi cantly affected by age (P<0.05). At wk 5 and wk 11, the molar proportions were higher for calves receiving the SFMS diet than the EMS and GMS diets, respectively. The molar proportion of butyrate was higher at wk 7, 9, 11, and 13 than at wk 4 and 5 (P<0.001). As to the molar proportions of isobutyrate, no difference was found among treatment starter diets except for wk 6, 11, and 13. The molar proportion of isobutyrate for the calf receiving GMS diets was lower than the SFMS and EMS diets (P<0.05) at wk 6, 11 and 13 declining with increased age of calves (P<0.05).
RESULTS
The results of rumen development characteristics expressed by papilla length, papilla width and rumen wall thickness as affected by different mechanical processing are presented in Table 3 . Papillae at part A, LC, LD, and LE were longer in calves receiving SFMS starter than EMS and GMS diets (P<0.05); however, PL at part A was not infl uenced by treatment starter diets (P>0.05). PW was not affected by treatment starter diets except for part E, which was wider for SFMS diets than GMS diets (P=0.041). The RWT of calves receiving the GMS diet was greater than the EMS and SFMS diets at part A and part LE (P<0.05). Photomicrograph of rumen papillae and their keratinized epidermis in part A of the rumen tissue from three treatment starter diets are illustrated in Figure 1 . The upper micrographs (a) showed that papillae from the calves receiving the SFMS diet were obviously longer than GMS and EMS diets. Ruminal papillate epidermis from calves fed on three treatment starter diets was moderately keratinized; however, many inerratic crystals were observed on the papillate epidermis from calves receiving the GMS diet. are short for papilla length, papilla width, and rumen wall thickness. The subscripts of A, LB, LC, LD, and LE mean the data of which sampling points in the rumen
DISCUSSION
The rumen pH observed in this experiment was in line with the report of Murdock and Wallenius (1980), but quite higher than the result of . The different sampling time points and methods (through stomach tubes or rumen cannulae) might cause this difference. The pH results among treatment starter diets in the current study were inconsistent with the previous study . The ruminal pH values increased with age of calves, indicating an increased absorption of VFA occurring in the rumen as a consequence of more developed and matured rumen (Suárez et al., 2006) . Total rumen VFA results differed from the observation of , which could be explained by the forage offered in this study. Total rumen VFA concentrations of SFMS starter diets were higher at wk 9, which might be attributed to the higher energy density and digestibility of SFMS diets. The results of the molar proportion of acetate and propionate differed from the observation of , which could be explained by the different method of rumen fl uid sampling and the dietary forage incorporation between the studies. From the results of ruminal butyrate molar proportion in this study, feeding SFMS starter diets seemed to affect ruminal butyrate concentrations in neonatal calves, suggesting a profi t obtained from the steam fl aking method to process maize grains and full fat soyabean included in the starter diets of the calves.
Rumen papillae at part A, LC, LD, and LE were longer in calves receiving SFMS starter diets than EMS and GMS starter diets. Similar results were reported by . Higher molar proportion of butyrate in ruminal contents of calves fed SFMS diets and their higher dietary energy density might explain the longer PL for the SFMS starter diets. Feeding SFMS starter diets resulted in an increased rumen PL and PW, indicating increased rumen absorptive surface areas occurring in calves fed steam fl aked maize and soyabean starter diets. The diets containing GMS generally have fi ne feed particles, which may be trapped on the rumen papillae, causing a diffi culty in Figure 1 . Photomicrograph of papilla from part A rumen tissues taken from calves fed on three treatment starter diets: (a) dissecting micrograph of papilla (×2), (b) scanning electron micrograph of papillate epidermis (×800) removing sloughed epithelial cells and subsequently resulting in keratin buildup and rumen mucosa thickening (Beharka et al., 1998) . This explanation especially covers the observation about the greater RWT for calves receiving GMS starter diets at part A and part E. However, there was a moderate keratinized epidermis of papillae from calves fed all three treatment starter diets, indicating appropriate particle sizes of all three starter diets used in the current study. The interesting crystals on the surface of papillae from calves receiving GMS were out of our knowledge. Therefore, a further study is needed to be done in the next step.
CONCLUSIONS
Feeding steam-fl aked maize and soyabean starter diets to the Holstein bull calves did not affect their total rumen VFA concentration and molar proportion of acetate and propionate. However, the molar proportion of butyrate was higher for calves receiving SFMS than extruded maize and soyabean and ground maize and soyabean at wk 5 and 11. Calves receiving SFMS starter diets had longer papillae in the rumen wall. Therefore, use of steam fl aking method to process maize grains and soyabean might be advantageous in ruminal development and neonatal calf growth.
